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(57) ABSTRACT 

Methods and apparatus to determine a concentration of nitro 
gen in a doWnhole ?uid are described. An example apparatus 
to determine a concentration of nitrogen in a doWnhole ?uid 
includes a ?uid measurement unit to measure a ?rst ?uid 
composition and a density of at least a hydrocarbon and 
carbon dioxide in a sample of the doWnhole ?uid. Addition 
ally, the example apparatus includes one or more sensors to 
measure at least a pressure and a temperature of the sample. 
Further, the example apparatus includes a processing unit to 
determine a ?rst theoretical density based on at least the ?rst 
?uid composition, the temperature, and the pressure the 
sample. Further still, the example apparatus includes an ana 
lyZer to determine a ?rst difference between the density of at 
least the hydrocarbon and the carbon dioxide in the sample 
and the ?rst theoretical density. The ?rst difference is associ 
ated With a concentration of nitrogen in the sample. 
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METHODS AND APPARATUS TO 
DETERMINE A CONCENTRATION OF 
NITROGEN IN A DOWNHOLE FLUID 

RELATED APPLICATION 

[0001] This patent claims priority to US. Provisional 
Patent Application No. 60/991,202, ?led on Nov. 29, 2007, 
Which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE DISCLOSURE 

[0002] This patent relates generally to sampling and ana 
lyZing formation ?uids and, more particularly, to methods 
and apparatus to determine a concentration of nitrogen in a 
doWnhole ?uid. 

BACKGROUND 

[0003] DoWnhole ?uid analysis is often used to provide 
information in real time about the composition of subterra 
nean formation or reservoir ?uids. Such real-time informa 
tion can be advantageously used to improve or optimiZe the 
effectiveness of formation testing tools during sampling pro 
cesses in a given Well (e.g., doWnhole ?uid composition 
analysis alloWs for reducing and/or optimizing the number of 
samples captured and brought back to the surface for further 
analysis). More generally, collecting accurate data about the 
characteristics of formation ?uid(s) is an important aspect of 
making reliable predictions about a formation or reservoir 
and, thus, can have a signi?cant impact on reservoir perfor 
mance (e.g., production, quality, volume, ef?ciency, etc.). 
[0004] To increase production of certain reservoirs such as, 
for example, the Cantarell ?eld in Mexico, nonhydrocarbon 
?uids such as nitrogen are injected into the formation or into 
adjacent Wellbores. HoWever, in some cases, such injected 
nitrogen may bypass the formation ?uid and/ or not obtain an 
equilibrium state in the formation ?uid, thereby reducing the 
bene?ts gained by injecting nitrogen into the formation. 
While there are many bene?ts of injecting nitrogen into a 
formation, nitrogen is not detectable using knoWn doWnhole 
?uid analysis techniques. Therefore, in an attempt to deter 
mine the nitrogen concentration Within a formation, numer 
ous samples are typically obtained from the formation and 
brought back to the surface for analysis. HoWever, these 
knoWn techniques do not provide real-time information, 
Which delays the ability to make production and/ or sampling 
decisions based on the results of the analysis. 

SUMMARY 

[0005] An example apparatus to determine a concentration 
of nitrogen in a doWnhole ?uid includes a ?uid measurement 
unit to measure a ?rst ?uid composition and a density of at 
least a hydrocarbon and carbon dioxide in a sample of the 
doWnhole ?uid. Additionally, the example apparatus includes 
one or more sensors to measure at least a pressure and a 

temperature of the sample. Further, the example apparatus 
includes a processing unit to determine a ?rst theoretical 
density based on at least the ?rst ?uid composition, the tem 
perature, and the pressure of the sample. Further still, the 
example apparatus includes an analyZer to determine a ?rst 
difference betWeen the density of at least the hydrocarbon and 
the carbon dioxide in the sample and the ?rst theoretical 
density. The ?rst difference is associated With a concentration 
of nitrogen in the sample. 
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[0006] An example method of determining a concentration 
of nitrogen in a doWnhole ?uid includes obtaining a sample of 
a doWnhole ?uid. Additionally, the example method includes 
analyZing the sample to determine a ?rst ?uid composition 
and a density of at least a hydrocarbon and carbon dioxide in 
the sample. Further, the example method includes measuring 
a pressure and a temperature of the sample. Further still, the 
example method includes determining a ?rst theoretical den 
sity based on at least the ?rst ?uid composition, the tempera 
ture, and the pressure of the sample. Further yet, the example 
method includes determining a ?rst difference betWeen the 
density of at least the hydrocarbon and the carbon dioxide in 
the sample and the ?rst theoretical density. The ?rst differ 
ence is associated With the concentration of nitrogen in the 
sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 depicts an example Wireline tool that may be 
used to implement the methods and apparatus described 
herein. 
[0008] FIG. 2 is a simpli?ed schematic illustration of an 
example manner in Which the formation tester of FIG. 1 may 
be implemented. 
[0009] FIG. 3 is a schematic illustration of an example 
apparatus that may be used to implement the ?uid measure 
ment unit of FIG. 2. 
[0010] FIG. 4 depicts an example composition ?uid ana 
lyZer log. 
[0011] FIG. 5 is a ?oW diagram of an example method that 
may be used With the example apparatus described herein to 
identify ?uid components in formation ?uid samples. 
[0012] FIG. 6 is a table that depicts results obtained using 
the methods and apparatus described herein. 
[0013] FIG. 7 is a schematic illustration of an example 
processor platform that may be used and/or programmed to 
implement any or all of the example methods and apparatus 
described herein. 

DETAILED DESCRIPTION 

[0014] Certain examples are shoWn in the above-identi?ed 
?gures and described in detail beloW. In describing these 
examples, like or identical reference numbers are used to 
identify the same or similar elements. The ?gures are not 
necessarily to scale and certain features and certain vieWs of 
the ?gures may be shoWn exaggerated in scale or in schematic 
for clarity and/ or conciseness. Additionally, several examples 
have been described throughout this speci?cation. Any fea 
tures from any example may be included With, a replacement 
for, or otherWise combined With other features from other 
examples. 
[0015] The example methods and apparatus described 
herein can be used to determine the concentration of nitrogen 
in a doWnhole ?uid. In particular, the example methods and 
apparatus described herein involve obtaining a ?uid sample 
and increasing the pressure of the sample prior to analyZing 
the ?uid sample. Additionally, the example methods and 
apparatus described herein involve measuring characteristics 
of the ?uid sample and comparing these characteristics to 
knoWn reference characteristics stored in a database to deter 
mine a theoretical density of the sample. Further, the example 
methods and apparatus described herein involve determining 
a difference, Which is associated With a concentration of 
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nitrogen in the sample, between a theoretical density and a 
measured density of the sample. 
[0016] In one described example, a predetermined amount 
of ?uid enters a ?oWline and the pressure of the ?uid is 
increased. Once the pressure of the sample is the same as or 
Within an acceptable deviation from a predetermined pres 
sure, a ?uid measurement unit measures the density and the 
composition of at least the hydrocarbon constituents and the 
carbon dioxide in the sample. Additionally, one or more sen 
sors measure the pressure and the temperature of the sample. 
These measured characteristics are then compared to knoWn 
reference characteristics to iteratively determine a theoretical 
?uid density and to iteratively adjust the ?uid composition 
based on the determined nitrogen concentration in the sample 
until, for example, a difference betWeen the theoretical ?uid 
density and the measured ?uid density, Which includes the 
determined nitrogen concentration, is at or beloW a predeter 
mined threshold or parameter or until a predetermined num 
ber of iterations have taken place. 
[0017] FIG. 1 depicts an example Wireline tool 100 that 
may be used to extract and analyZe formation ?uid samples 
and Which may be used to determine a concentration of 
injected nitrogen, Which is a substantially non-optically 
detectable ?uid, Within a formation ?uid sample using the 
example methods and apparatus described herein. While the 
examples described herein refer to methods and apparatus to 
determine a concentration of injected nitrogen Within a for 
mation, the methods and apparatus described herein can be 
advantageously utiliZed to determine a concentration of natu 
rally occurring non-optically detectable ?uid such as, for 
example, nitrogen, hydrogen sul?de, and/or helium. While 
hydrogen sul?de has absorption in the near-infrared region, 
commercially available doWnhole ?uid analysis tools such as, 
for example, the Composition Fluid Analyzer (CFA) and the 
InSitu Fluid AnalyZer (IFA) tools provided by Schlum 
berger®, do not target the absorption peaks of hydrogen 
sul?de. Therefore, hydrogen sul?de is effectively considered 
a non-optically detectable ?uid. As shoWn in FIG. 1, the 
example Wireline tool 100 is suspended in a borehole or 
Wellbore 102 from the loWer end of a multiconductor cable 
104 that is spooled on a Winch (not shoWn) at the surface. At 
the surface, the cable 104 is communicatively coupled to an 
electronics and processing system 106. The electronics and 
processing system 106 may include or be communicatively 
coupled to a reference database 107 that may be used to store 
reference measurement values of reference formation ?uids 
knoWn to have particular ?uid compositions, densities, and 
any other parameters or characteristics. The Wireline tool 100 
includes an elongated body 108 that includes a collar 110 
having a doWnhole control system 112 con?gured to control 
extraction of formation ?uid from a formation F, perform 
measurements on the extracted ?uid, and to control the appa 
ratus described herein to determine the concentration of nitro 
gen Within a formation ?uid sample. 

[0018] The example Wireline tool 100 also includes a for 
mation tester 114 having a selectively extendable ?uid admit 
ting assembly 116 and a selectively extendable tool anchoring 
member 118 that are respectively arranged on opposite sides 
of the elongated body 108. The ?uid admitting assembly 116 
is con?gured to selectively seal off or isolate selected portions 
of the Wall of the Wellbore 102 to ?uidly couple to the adja 
cent formation F and draW ?uid samples from the formation 
F. The formation tester 114 also includes a ?uid analysis 
module 120 through Which the obtained ?uid samples ?oW. 
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The sample ?uid may thereafter be expelled through a port 
(not shoWn) or it may be sent to one or more ?uid collecting 
chambers 122 and 124, Which may receive and retain the 
formation ?uid samples for subsequent testing at the surface 
or a testing facility. 
[0019] In the illustrated example, the electronics and pro 
cessing system 106 and/or the doWnhole control system 112 
are con?gured to control the ?uid admitting assembly 116 to 
draW ?uid samples from the formation F and to control the 
?uid analysis module 120 to measure the ?uid samples. In 
some example implementations, the ?uid analysis module 
120 may be con?gured to analyZe the measurement data of 
the ?uid samples as described herein. In other example imple 
mentations, the ?uid analysis module 120 may be con?gured 
to generate and store the measurement data and subsequently 
communicate the measurement data to the surface for analy 
sis at the surface. Although the doWnhole control system 112 
is shoWn as being implemented separate from the formation 
tester 114, in some example implementations, the doWnhole 
control system 112 may be implemented in the formation 
tester 114. 

[0020] As described in greater detail beloW, the example 
Wireline tool 100 may be used in conjunction With the 
example methods and apparatus described herein to deter 
mine the concentration of injected nitrogen and/or any natu 
rally, occurring substantially non-optically detectable ?uid in 
a formation ?uid sample. For example, the formation tester 
114 may include one or more sensors, ?uid analyZers and/or 
?uid measurement units disposed adjacent a ?oWline and may 
be controlled by one or both of the doWnhole control system 
112 and the electronics and processing system 106 to deter 
mine the composition of or a characteristic of ?uid samples 
extracted from, for example, the formation F. 
[0021] While the example methods and apparatus to deter 
mine a concentration of nitrogen Within a formation ?uid 
sample are described in connection With a Wireline tool such 
as that shoWn in FIG. 1, the example methods and apparatus 
can be implemented With any other type of Wellbore convey 
ance. For example, the example methods and apparatus can 
be implemented With a drill string including logging-While 
drilling (LWD) and/or measurement-While-drilling (MWD) 
modules, coiled tubing, etc. 
[0022] FIG. 2 is a simpli?ed schematic illustration of an 
example formation sampling tool 200 that may be used to 
implement the formation tester 114 of FIG. 1. The example 
formation sampling tool 200 includes a probe assembly 202 
that can be selectively ?uidly coupled to a surface of a Well 
bore via a motor 204 and a hydraulic system 206 to draW 
?uids from a formation (e.g., the formation F). In other 
example implementations, straddle packers (not shoWn) can 
additionally or alternatively be used to engage and isolate a 
portion of the surface of a Wellbore to draW ?uids from the 
formation. The formation sampling tool 200 is also provided 
With a pump 208 that may be used to draW ?uids from the 
formation into the formation sampling tool 200. 
[0023] The formation sampling tool 200 includes one or 
more ?uid sensors to measure characteristics of the ?uids 
draWn into the formation sampling tool 200. More speci? 
cally, in the illustrated example, the formation sampling tool 
200 is provided With a ?uid measurement unit 210 to measure 
one or more characteristics of formation ?uids. The formation 

?uids may comprise at least one of a heavy oil, a bitumen, a 
volatile oil, a gas condensate, a Wet gas, a dry gas, a drilling 
?uid, a Wellbore ?uid or, more generally, any ?uid extracted 
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from a sub surface formation. The ?uid measurement unit 210 
may be implemented using, for example, a light absorption 
spectrometer having a plurality of channels, each of Which 
may correspond to a different Wavelength. Thus, the ?uid 
measurement unit 210 may be used to measure spectral infor 
mation for ?uids draWn from a formation. In other implemen 
tations, the ?uid measurement unit 210 may be implemented 
using a VIS/NIR spectrometer, a VIS spectrometer, an NIR 
spectrometer or any other suitable spectrometer. Some com 
mercially available ?uid measurement units 210 include the 
Composition Fluid Analyzer (CFA) and InSitu Fluid Ana 
lyZer (IFA) provided by Schlumberger®. 
[0024] In practice, if a VIS/NIR spectrometer is used to 
implement the formation sampling tool 200, the pressure of 
the sample may be increased by a pressure control unit 212 
that changes (e. g., increases) the pressure of the ?uid sample 
Within a ?oWline 214 to increase the density of the sample. 
Speci?cally, increasing the density of the sample may 
increase the accuracy of some measurements obtained by the 
?uid measurement unit 210 such as, for example, When the 
sample is a highly compressive gas at a relatively loW pres 
sure. HoWever, in other example implementations, the forma 
tion sampling tool 200 may not be provided With the pressure 
control unit 212. 

[0025] The ?uid measurement unit 210 is to obtain mea 
surements from the sample having the increased pressure to 
determine, for example, a ?uid composition of hydrocarbon 
(s) and carbon dioxide, Which are substantially optically 
detectable ?uids, in the ?uid sample. Additionally, the ?uid 
measurement unit 210 determines a density (e.g., a partial 
density) and/or a concentration of hydrocarbon constituents 
and carbon dioxide Within the ?uid sample. Each of the above 
described implementations of the ?uid measurement unit 21 0 
may be used to measure spectral information for ?uids draWn 
from a formation and/or to measure any other characteristic 
(s) of the ?uids. Such spectral information may include char 
acteristic values such as optical density values associated 
With each of the channels and may be used to, for example, 
determine the composition of the ?uid(s). 
[0026] The formation sampling tool 200 is also provided 
With one or more sensors 216 to measure pressure, tempera 

ture, density, ?uid resistivity, viscosity, and/or any other ?uid 
properties or characteristics. While the sensors 216 are 
depicted as being in-line With a ?oWline 218, one or more of 
the sensors 216 may be used in other ?oWlines 214, 220, and 
222 Within the example formation sampling tool 200. In some 
examples, one or more of the sensors 216 may be a density 
sensor such as, for example, the InSitu Density densitometer 
provided by Schlumberger®. Alternatively, density may be 
determined using x-ray attenuation and/ or gamma-ray attenu 
ation. In other examples, a density value may be derived from 
a pressure gradient commonly practiced in oil?eld analysis 
using a formation tester such as, for example, the Modular 
formation Dynamics Tester (MDT) provided by Schlum 
berger®. As depicted in Equations 1, 2, 3, 4 beloW, the Weight 
percent of ClWt %, C2-C5Wt %, C6+Wt % and CO2Wt % may 
each be determined by dividing the density (e.g., the partial 
density) of each of Cl, C2-C5, C6+ and COZWI % by the total 
density of the ?uid (e.g., determined using the ?uid measure 
ment unit 210 as noted above). 

ClWt %ICl Partial Density/Total Density Equation 1: 

C2-Cl5Wt %ICZ-CS Partial Density/Total Density Equation 2: 
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C6+Wt %:C6+Partial Density/Total Density Equation 3: 

CO2Wt %ICOZ Partial Density/Total Density Equation 4: 

[0027] As depicted in Equations 5 and 6 beloW, the partial 
density (e.g., determined using the ?uid measurement unit 
210 as noted above) (e.g., 0.4 g/cc having 0.3 g/cc methane 
and 0.1 g/cc carbon dioxide) is subtracted from the measured 
?uid density (e. g., 0.5 g/cc) to determine a density difference 
(0.1 g/cc) that may be associated With a concentration of 
nitrogen in the sample. More speci?cally, as depicted in 
Equation 6, to determine the density of a substantially non 
optically detectable ?uid (e.g., nitrogen), the partial densities 
(e.g., Cl, C2-C5, C6+ and CO2) are subtracted from the of 
total density of the ?uid (e.g., determined using the ?uid 
measurement unit 210 as noted above). 

Nitrogen COncentratiOnIFluid Density-Partial Den 
sity Equation 5: 

Density of Substantially Non-Optically Detectable 
Fluid:(Total Density)—(Cl Partial Density)—(CZ-CS 
Partial Density)—(C6+Partial Density)—(CO2 Partial 
Density) 

[0028] As depicted in Equation 7 beloW, to determine the 
Weight percent of the substantially non-optically detectable 
?uid, the Weight percent of ClWt %, C2-C5Wt %, C6+Wt % 
and COZWI % are each subtracted from 100%. 

Equation 6: 

Weight Percent of Substantially Non-Optically 
Detectable Fluid:l00%—ClWt %—CZ-CSWt %—C6+ 

Wt %—COZWt % 

[0029] The formation sampling tool 200 may also include a 
?uid sample container or store 224 including one or more 
?uid sample chambers in Which formation ?uid(s) recovered 
during sampling operations can be stored and brought to the 
surface for further analyses and/or con?mation of doWnhole 
analyses. In other example implementations, the ?uid mea 
surement unit 210 and/ or the sensors 216 may be positioned 
in any other suitable position such as, for example, betWeen 
the pump 208 and the ?uid sample container or store 224. 
[0030] To store, analyZe and/or process test and measure 
ment data (or any other data acquired by the formation sam 
pling tool 200), the formation sampling tool 200 is provided 
With a processing unit 226 that may be communicatively 
coupled to a reference database 228, Which may be used to 
store measurement values of reference formation ?uids 
knoWn to have particular ?uid compositions and densities. 
Additionally, the processing unit 226 may be communica 
tively coupled to an analyZer 230 that at least determines a 
difference betWeen one or more measured characteri stic (s) of 
formation ?uids and one or more theoretical characteristic(s) 
of the formation ?uids. 
[0031] The processing unit 226 may be generally imple 
mented as shoWn in FIG. 7. In the illustrated example, the 
processing unit 226 may include a processor (e.g., a CPU and 
random access memory such as shoWn in FIG. 7) to control 
operations of the formation sampling tool 200 and implement 
measurement routines. For example, the processing unit 226 
may be used to control the ?uid measurement unit 210 to 
perform spectral measurements of ?uid characteristics of for 
mation ?uid, to actuate a valve 232 to enable a ?uid sample to 
?oW into the ?oWline 214, and to determine a concentration of 
nitrogen Within a formation ?uid sample. Speci?cally, as 
described in more detail beloW, the processing unit 226 may 
be advantageously utiliZed to iteratively determine a theoreti 
cal density and/or to iteratively adjust a calculated or mea 

Equation 7: 
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sured ?uid composition of the sample based at least in part on 
the measured ?uid composition of hydrocarbon constituents 
and carbon dioxide in the sample, the measured pressure and 
the temperature of the sample, as Well as the determined 
concentration of nitrogen in the sample. The processing unit 
226 may further include any combination of digital and/or 
analog circuitry needed to interface With the sensors 216 
and/ or the ?uid measurement unit 210. 

[0032] To store machine readable instructions (e.g., code, 
softWare, etc.) that, When executed by the processing unit 
226, cause the processing unit 226 to implement measure 
ment processes or any other processes described herein, the 
processing unit 226 may be provided With an electronic pro 
grammable read only memory (EPROM) or any other type of 
memory (not shoWn). To communicate information When the 
formation sampling tool 200 is doWnhole, the processing unit 
226 is communicatively coupled to a tool bus 234, Which may 
be communicatively coupled to a surface system (e. g., the 
electronics and processing system 106). 
[0033] Although the components of FIG. 2 are shoWn and 
described above as being communicatively coupled and 
arranged in a particular con?guration, the components of the 
formation sampling tool 200 can be communicatively 
coupled and/or arranged differently than depicted in FIG. 2 
Without departing from the scope of the present disclosure. In 
addition, the example methods and apparatus described 
herein are not limited to a particular conveyance type but, 
instead, may be implemented in connection With different 
conveyance types including, for example, coiled tubing, Wire 
line, Wired-drill-pipe, and/ or other conveyance means knoWn 
in the industry. 
[0034] FIG. 3 illustrates an example apparatus 300 that may 
be used to implement a portion of the formation sampling tool 
200 associated With the pump 208, the ?uid measurement unit 
210, the pressure control unit 212, the ?oWline 214, the sen 
sors 216, the reference database 228 and/or the analyZer 230 
of FIG. 2. The example apparatus 300 includes a ?oWline 302 
that includes a ?rst ?oWline section 304, a second ?oWline 
section 306 and a third ?oWline section 308. A ?rst valve 310 
is positioned betWeen the ?rst and second ?oWline sections 
304 and 306 and a second valve 312 is positioned betWeen the 
second and third ?oWline sections 306 and 308. The ?rst and 
second valves 310 and 312 are to control ?uid ?oW through 
the ?oWline 302. Speci?cally, the ?rst valve 310 may open to 
enable ?uid to ?oW into the second ?oWline section 306 and 
the second valve 312 may close to prevent ?uid from ?oWing 
out of the second ?oWline section 306. To retain a sample in 
the second ?oWline section 306, the ?rst and second valves 
310 and 312 may be closed. The valves 310 and 312 may be 
any suitable valve that may be operable in subterranean for 
mation conditions. 

[0035] To increase the pressure of the ?uid sample in the 
second ?oWline section 306 to a predetermined pressure, the 
example apparatus 300 is provided With a pressure control 
unit 314. Speci?cally, in some examples, such as When the 
sample is a highly compressive gas at a relatively loW pres 
sure, increasing the pressure and, thus, increasing the density 
of the sample, advantageously enables more accurate mea 
surements of the density to be obtained and/ or concentration 
of at least the hydrocarbon constituents and the carbon diox 
ide in the sample. 
[0036] To measure a characteristic of the sample in the 
second ?oWline section 306 once the pressure of the sample 
has been increased to the predetermined pressure, the 
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example apparatus 300 is provided With a ?uid measurement 
unit 316. Speci?cally, the ?uid measurement unit 316 deter 
mines the ?uid composition of the sample. Additionally, the 
?uid measurement unit 316 measures the partial densities of 
hydrocarbon constituents and carbon dioxide, Which are sub 
stantially optically detectable, in the sample. HoWever, the 
?uid measurement unit 316 may be advantageously utiliZed 
to measure any other characteristic(s) of the sample includ 
ing, for example, any other substantially optically detectable 
component in the sample. The ?uid measurement unit 316 is 
provided With a WindoW 318 (e.g., an optical WindoW) that is 
substantially adjacent a surface 320 of the second ?oWline 
section 306. The WindoW 318 may be implemented using any 
suitable material such as a scratch resistant material (e.g., a 
sapphire material). The WindoW 318 may be substantially 
?ush With the surface 320 or the WindoW 318 may be partially 
positioned Within (e.g., extend into) the second ?oWline sec 
tion 306. 

[0037] To measure the temperature and the pressure of the 
sample, the example apparatus 300 is provided With a pres 
sure sensor 322 and a temperature sensor 324. The measured 
values obtained using the ?uid measurement unit 316 along 
With the temperature and pressure measurements may be 
advantageously utiliZed to determine a theoretical density of 
the sample in the second ?oWline section 306 based on a 
comparison by a processing unit 326 of the measured values 
With knoWn reference values stored in, for example, a refer 
ence database 328. The knoWn reference values may be ref 
erence values that Were obtained from the subterranean for 
mation being sampled or similar subterranean formations. 
Alternatively, the knoWn reference values may be generated 
from laboratory experiments under controlled conditions. 
[0038] In operation, to increase production of certain res 
ervoirs such as, for example, the Cantarell ?eld in Mexico, 
nonhydrocarbon ?uids such as nitrogen may be injected into 
the formation (e.g., the formation F of FIG. 1) or into an 
adjacent Wellbore (not shoWn). In some instances, the nitro 
gen may bypass the formation ?uid and/or not obtain an 
equilibrium state in the formation ?uid, thereby reducing the 
bene?ts gained by injecting the nitrogen into the formation. 
To determine or estimate the concentration of injected nitro 
gen in a formation ?uid sample using the example apparatus 
300, a pump 330, Which may be used to implement the pump 
208 of FIG. 2, pumps ?uid (e. g., formation ?uid) through the 
?oWline 302 in a direction generally indicated by arroWs 332. 
As the ?uid moves through the ?oWline 302, the ?rst and 
second valves 310 and 312 may actuate to a closed position to 
retain a sample Within the second ?oWline section 306. In 
some examples, the second valve 312 may be actuated to the 
closed position before the ?rst valve 310 is actuated to the 
closed position to ensure that a predetermined amount of ?uid 
has entered the second ?oWline section 306. 

[0039] The pressure control unit 314 then increases the 
pressure to a predetermined pressure. In some examples, the 
predetermined pressure is a pressure used during controlled 
laboratory experiments to generate knoWn values (e. g., ?uid 
characteristics) stored in the reference database 328. HoW 
ever, in other examples, the predetermined pressure may be a 
pressure at Which relatively accurate measurements have 
been obtained by the ?uid measurement unit 316. The pres 
sure sensor 322 then measures the pressure of the sample and 
the processing unit 326 compares the measured pressure to 
the predetermined pres sure to determine if the measured pres 
sure is the same as or Within an acceptable deviation from the 
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predetermined pressure. If the pressure is not Within an 
acceptable deviation from the predetermined pressure, the 
pressure control unit 314 again changes (e.g., increases or 
decreases) the pressure of the sample in the second ?oWline 
section 306 toWard the predetermined pressure. However, in 
other examples, the measurements obtained via the ?uid mea 
surement unit 316 may be relatively accurate Without having 
to control the pressure of the sample in the second ?oWline 
section 306 and, thus, the example apparatus 300 is not pro 
vided With the pressure control unit 314. 

[0040] Once the measured pressure is the same as or Within 
an acceptable deviation from the predetermined pressure, the 
?uid measurement unit 3 1 6 measures a ?rst ?uid composition 
(e.g., 100 Wt % C1) of at least the hydrocarbon constituents 
and the carbon dioxide in the sample. Additionally, the ?uid 
measurement unit 316 measures a ?rst density (e.g., 0.110 
g/cc) of at least the hydrocarbon constituents and the carbon 
dioxide in the sample. In some examples, the measured ?rst 
density is used to determine and/ or derive the Weight percent 
of the component(s) in the sample. Turning brie?y to FIG. 4, 
a composition ?uid analyZer (CFA) log 400 indicates that, for 
example, the ?uid measurement unit 316 has determined that 
the composition of the ?uid sample is 100 Wt % C1 at a 
density of 0.110 g/cc. The pressure sensor 322 and the tem 
perature sensor 324 are then used to measure the pressure 
(e.g., 3700 psi) and the temperature (e.g., 640 C.) of the 
sample, respectively. These measured characteristics and/or 
parameters of the sample (e.g., the ?uid composition of at 
least the hydrocarbon and the carbon dioxide, the pressure 
and the temperature) are then compared to knoWn character 
istics and/or parameters stored in the reference database 328 
to determine a ?rst theoretical density (e.g., 0.157 g/cc) of the 
?uid. 

[0041] An analyZer 334 then compares and determines a 
?rst difference (e.g., 0.047 g/ cc) (e. g., a portion) betWeen the 
?rst theoretical density (e.g., 0.157 g/cc) and the ?rst mea 
sured density (e.g., 0.0110 g/cc). In some examples, the ana 
lyZer 334 may be implemented With a NIST 14 program to 
determine an equation of state. HoWever, in other examples, 
any other suitable program may be used to determine the 
equation of state. Additionally, the analyZer 334 determines if 
the ?rst difference is at or beloW a predetermined parameter or 
threshold. As discussed above, the ?rst difference is associ 
ated With a concentration and/or density of nitrogen in the 
?uid sample. In particular, because the theoretical density is 
based on composition information obtained by the ?uid mea 
surement unit 316, Which measures the composition of opti 
cally detectable ?uids, any amount by Which the theoretical 
density exceeds the measured density, Which includes mea 
sured concentrations of partial densities of the substantially 
optically detectable ?uids, can be attributed to substantially 
non-optically detectable components such as nitrogen, 
hydrogen sul?de and/or helium. 
[0042] In operation, the ?uid measurement unit 316 mea 
sures the ?rst density of the hydrocarbon and the carbon 
dioxide in the sample and, thus, any nitrogen in the sample is 
not measured and/or accounted for. Additionally, a ?rst theo 
retical density is determined based on a ?uid composition that 
comprises hydrocarbon and carbon dioxide at the measured 
temperature and pressure, Which also does not account for 
nitrogen in the sample. Thus, a difference may exist betWeen 
the ?rst theoretical density and the ?rst measured density of 
the hydrocarbon and the carbon dioxide because a ?uid com 
prising the measured composition of hydrocarbon and carbon 
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dioxide Wouldnot theoretically exist at the measured pressure 
and temperature. HoWever, if the sample instead comprised 
only hydrocarbon and carbon dioxide (e.g., substantially 
optically detectable ?uids), there may be no substantial dif 
ference betWeen the ?rst theoretical density and the ?rst mea 
sured density, Which Would indicate that there is no density 
contribution in the sample from substantially non-optically 
detectable ?uids such as nitrogen. 
[0043] If the analyZer 334 determines that the ?rst differ 
ence is not at or beloW the predetermined parameter, the 
processing unit 326 determines a second ?uid composition 
(e.g., 70 Wt % C1 and 30 Wt % N2) based on the ?rst ?uid 
composition and the ?rst difference. Speci?cally, the second 
?uid composition includes both the ?rst ?uid composition of 
the hydrocarbon and the carbon dioxide as Well as the deter 
mined concentration of nitrogen in the sample. The process 
ing unit 326 then determines a second density (e.g., 0.157 
g/cc) of the sample. Speci?cally, the second density of the 
sample is equal to the previously determined ?rst theoretical 
density (e.g., 0.157 g/cc), Which includes the ?rst density 
(e.g., 0.110 g/ cc) of the hydrocarbon and the carbon dioxide 
in the sample and the determined density (e.g., 0.047 g/ cc) of 
the nitrogen in the sample. As discussed above, the ?rst dif 
ference may be used to determine and/or derive the Weight 
percent of nitrogen in the sample. 
[0044] The processing unit 326 then determines a second 
theoretical density (e.g., 0.171 g/cc) based on the second ?uid 
composition (e.g., 70 Wt % C1 and 30 Wt % N2) at the 
measured pressure (e.g., 3700 psi) and temperature (e. g., 640 
C.). The analyZer 334 then compares and determines a second 
difference (e.g., 0.014 g/cc) (e.g., another portion) betWeen 
the second density (e.g., 0.157 g/cc) and the second theoreti 
cal density (e.g., 0.171 g/cc). The second difference is also 
associated With the concentration of nitrogen in the sample. 
Additionally, the analyZer 334 determines if the difference is 
at or beloW the predetermined parameter or threshold. 
[0045] If the analyZer 334 determines that the second dif 
ference is not at or beloW the predetermined parameter, the 
processing unit 326 determines a third ?uid composition 
(e.g., 64 Wt % C1 and 36 Wt % N2) based on the second ?uid 
composition and the second difference. Additionally, the pro 
cessing unit 326 determines a third density (e.g., 0.171 g/cc) 
that is equal to the second theoretical density. Then the pro 
cessing unit 326 determines a third theoretical density (e.g., 
0.174 g/cc) based on the third ?uid composition and the 
measured pressure and temperature, Which is then compared 
by the analyZer 334 to the third density to determine a third 
difference (e.g., 0.003 g/cc). 
[0046] Generally, as described above, the processing unit 
326 and the analyZer 334 can iteratively determine the ?uid 
composition of a ?uid sample based on the difference asso 
ciated With the nitrogen concentration in the sample and 
iteratively determine the theoretical density based on the 
determined ?uid composition, Which may include the portion 
associated With nitrogen, the measured pressure and tempera 
ture until the difference is at orbeloW a predetermined param 
eter or threshold (e.g., 0.01 g/cc) or until a predetermined 
number of iterations have taken place (e.g., ten iterations). 
[0047] If the difference is at or beloW the predetermined 
parameter or threshold or if the predetermined number of 
iterations have taken place, the ?rst and second valves 310 
and 312 may actuate to an open position and the sample may 
?oW through the second valve 312 in the direction generally 
represented by the arroWs 332. Once the sample ?oWs out of 
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the second ?owline section 306, the ?rst and second valves 
310 and 312 may actuate to the closed position and the above 
described process may be repeated. 

[0048] FIG. 5 is a ?owchart ofan example method 500 that 
can be used in conjunction with the example apparatus 
described herein to draw and analyze formation ?uid samples 
from a subterranean formation (e.g., the formation F of FIG. 
1). The example method of FIG. 5 may be used to implement 
the example formation tester 114 of FIG. 1, the formation 
sampling tool 200 of FIG. 2, and the example apparatus 300 
of FIG. 3. The example method of FIG. 5 may be imple 
mented using software and/or hardware. In some example 
implementations, the ?owchart can be representative of 
example machine readable instructions, and the example 
method of the ?owchart may be implemented entirely or in 
part by executing the machine readable instructions. Such 
machine readable instructions may be executed by the elec 
tronics and processing system 106 (FIG. 1) and/or the pro 
cessing units 226 (FIG. 2) or 326 (FIG. 3). In particular, a 
processor or any other suitable device to execute machine 
readable instructions may retrieve such instructions from a 
memory device (e.g., a random access memory (RAM), a 
read only memory (ROM), etc.) and execute those instruc 
tions. In some example implementations, one or more of the 
operations depicted in the ?owchart of FIG. 5 may be imple 
mented manually. Although the example method is described 
with reference to the ?owchart of FIG. 5, persons of ordinary 
skill in the art will readily appreciate that other methods to 
implement the example formation tester 114 of FIG. 1, the 
formation sampling tool 200 of FIG. 2, and the example 
apparatus 300 of FIG. 3 to analyZe formation ?uid samples 
may additionally or alternatively be used. For example, the 
order of execution of the blocks depicted in the ?owchart of 
FIG. 5 may be changed and/ or some of the blocks described 
may be rearranged, eliminated, or combined. 
[0049] The example method 500 may be used to draw and 
analyZe formation ?uid using, for example, the formation 
sampling tool 200 ofFIG. 2. Initially, the probe assembly 202 
(FIG. 2) extracts (e.g., admits, draws, etc.) ?uid from the 
formation F (block 502) and the valve 232 (FIG. 2) or the 
valves 310 and 312 of FIG. 3 actuate to an open position 
enabling a sample of the ?uid to ?ow into the ?owline 214 
(FIG. 2) or the second ?owline section 306 (FIG. 3). Once a 
predetermined amount of ?uid has entered the ?owline 214 
(FIG. 2) or the second ?owline section 306 (FIG. 3), the valve 
232 (FIG. 2) or the valves 310 and 312 (FIG. 3) are actuated 
to the closed position to obtain a ?uid sample for measure 
ment (block 504). 
[0050] The ?uid measurement unit 210 (FIG. 2) or 316 
(FIG. 3) and/or the sensors 216 (FIG. 2), the pressure sensor 
322 (FIG. 3) and/ or the temperature sensor 324 (FIG. 3) then 
analyZe or check the ?uid sample (block 506). In some 
examples, as discussed above, the pressure sensor 322 (FIG. 
3) measures the pressure of the sample and the processing unit 
226 (FIG. 2) or 326 (FIG. 3) compares the measured pressure 
to a predetermined pressure. If the pressure is not within an 
acceptable deviation from the predetermined pressure, the 
pressure control unit 212 (FIG. 2) or 314 (FIG. 3) changes 
(e. g., increases) the pressure of the sample within the ?owline 
214 (FIG. 2) or the second ?owline section 306 toward the 
predetermined pressure to increase the accuracy of the mea 
surements obtained. However, in other examples, the 
example formation sampling tool 200 (FIG. 2) and/or the 
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example apparatus 300 (FIG. 3) may not be provided with the 
pressure control unit 212 (FIG. 2) or 314 (FIG. 3). 
[0051] The ?uid measurement unit 210 (FIG. 2) or 316 
(FIG. 3) then determines the ?uid composition of the hydro 
carbon and the carbon dioxide in the ?uid sample (block 508). 
Additionally, the ?uid measurement unit 210 (FIG. 2) or 316 
(FIG. 3) determines the density of the hydrocarbon and the 
carbon dioxide in the ?uid sample (block 510). The pressure 
sensor 322 (FIG. 3) and the temperature sensor 324 (FIG. 3) 
or at least some of the sensors 216 (FIG. 2) then measure the 
pressure and the temperature of the sample, respectively 
(block 512). 
[0052] The ?uid composition of the hydrocarbon and the 
carbon dioxide and the measured pressure and temperature 
are then compared to known characteristics and/or param 
eters stored in the reference database 107 (FIG. 1), 228 (FIG. 
2) and/or. 328 (FIG. 3) to determine a theoretical density of 
the ?uid sample based on the measured composition, pressure 
and temperature (block 514). 
[0053] The analyZer 230 (FIG. 2) or 334 (FIG. 3) then 
determines a difference between the density and the theoreti 
cal density (block 516). As discussed above, the difference is 
associated with the concentration of nitrogen in the sample. 
Additionally, the analyZer 230 (FIG. 2) or 334 (FIG. 3) then 
determines if a predetermined condition has occurred (block 
518). Speci?cally, the analyZer 230 (FIG. 2) or 334 (FIG. 3) 
determines if the difference is at or below a predetermined 
amount or threshold (e.g., 0.01 g/cc) and/or if a predeter 
mined number of iterations have occurred. If the analyzer 230 
(FIG. 2) or 334 (FIG. 3) determines that the predetermined 
condition has occurred, the processing unit 226 (FIG. 2) or 
326 (FIG. 3) then determines whether it should analyZe 
another formation ?uid sample (block 520). For example, if 
the formation sampling tool 200 (FIG. 2) has drawn another 
formation ?uid sample and the processing unit 226 (FIG. 2) or 
326 (FIG. 3) has not received an instruction or command to 
stop analyZing ?uid, the processing unit 226 (FIG. 2) or 326 
(FIG. 3) may determine that it should analyZe another ?uid 
sample (block 520). Otherwise, the example process of FIG. 
5 is ended. 

[0054] However, if the analyZer 230 (FIG. 2) or 334 (FIG. 
3) determines that the predetermined condition has not 
occurred, the processing unit 226 (FIG. 2) or 326 (FIG. 3) 
re-determines the ?uid composition based on the difference 
(block 522) between the density and the theoretical density. 
Speci?cally, the ?uid composition includes the ?uid compo 
sition of the hydrocarbon and the carbon dioxide in the 
sample along with the difference(s), which is associated with 
the amount of nitrogen in the sample. The processing unit 226 
(FIG. 2) or 326 (FIG. 3) then re-determines the density of the 
?uid sample, which is equal to the previously determined 
theoretical density, based on the difference (block 524). Spe 
ci?cally, the density includes the density of the hydrocarbon 
and the carbon dioxide in the sample along with the difference 
(s), which is associated with the concentration of nitrogen in 
the sample. Control then returns to block 514 where the 
theoretical density is re-determined based on the ?uid com 
position determined in block 522. The example process of 
blocks 514, 516, 518, 522 and 524 iteratively repeat until the 
predetermined condition has occurred (block 518). 
[0055] If the analyZer 230 (FIG. 2) or 334 (FIG. 3) deter 
mines that the predetermined condition has occurred, the 
processing unit 226 (FIG. 2) or 326 (FIG. 3) then determines 
whether it should analyZe another formation ?uid sample 
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(block 520). For example, if the formation sampling tool 200 
(FIG. 2) has draWn another formation ?uid sample and the 
processing unit 226 (FIG. 2) or 326 (FIG. 3) has not received 
an instruction or command to stop analyzing ?uid, the pro 
cessing unit 226 (FIG. 2) or 326 (FIG. 3) may determine that 
it should analyZe another ?uid sample (block 520). Other 
Wise, the example process of FIG. 5 is ended. 
[0056] FIG. 6 depicts a table 600 that shoWs test results of 
?eld measurements 602 obtained using the examples 
described herein and results obtained using knoWn laboratory 
analysis techniques 604. Speci?cally, a sample Was measured 
doWnhole by, for example, the example formation tester 114 
of FIG. 1, the formation sampling tool 200 of FIG. 2, and/or 
the example apparatus 300 of FIG. 3 and thereafter a the 
sample Was brought to the surface Where measurements Were 
obtained using knoWn laboratory analysis techniques. In 
some instances, relatively more accurate measurements may 
be obtained using knoWn laboratory analysis techniques 
because constraints such as, for example, available space 
and/ or available poWer, Which are encountered in the doWn 
hole environment, are not applicable in the laboratory. 
[0057] As shoWn in the table 600, the Weight percent (e.g., 
mass percent) of Cl (606), C2-C5 (608), C6+ (610), carbon 
dioxide (CO2) (612) and nitrogen (N 2) (614) in the sample 
Were measured doWnhole and in the laboratory. A comparison 
betWeen the results of the ?eld measurements 602 and the 
laboratory analysis 604 indicate that there is an inconsequen 
tial difference betWeen the tWo sets of results. Speci?cally, 
the measurements obtained using the example methods and 
apparatus described herein determined the Weight percent of 
nitrogen (614) in the sample to be 36 Wt % (616) While the 
laboratory analysis 604 determined the Weight percent of 
nitrogen (614) in the sample to be 35.7 Wt % (618). As shoWn, 
the results obtained using the example methods and apparatus 
described herein can be advantageously utiliZed to accurately 
determine the concentration of nitrogen Within the doWnhole 
?uid to, for example, determine if the injected nitrogen 
bypassed the formation ?uid and/or to determine if the 
injected nitrogen did not obtain an equilibrium state in the 
formation ?uid 
[0058] FIG. 7 is a schematic diagram of an example pro 
cessor platform P100 that may be used and/ or programmed to 
implement to implement the electronics and processing sys 
tem 106, the processing units 226 and 326, the ?uid measure 
ment units 210 and 316, and the analyZers 230 and 334. For 
example, the processor platform P1 00 can be implemented by 
one or more general purpose processors, processor cores, 

microcontrollers, etc. 
[0059] The processorplatforrn P100 of the example of FIG. 
7 includes at least one general purpose programmable pro 
cessor P105. The processor P105 executes coded instructions 
P110 and/or P112 present in main memory of the processor 
P105 (e.g., Within a RAM P115 and/or a ROM P120). The 
processor P105 may be any type of processing unit, such as a 
processor core, a processor and/or a microcontroller. The 
processor P105 may execute, among other things, the 
example methods and apparatus described herein. 
[0060] The processor P105 is in communication With the 
main memory (including a ROM P120 and/ or the RAM P115) 
via a bus P125. The RAM P115 may be implemented by 
dynamic random-access memory (DRAM), synchronous 
dynamic random-access memory (SDRAM), and/or any 
other type of RAM device, and ROM may be implemented by 
?ash memory and/or any other desired type of memory 
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device. Access to the memory P115 and the memory P120 
may be controlled by a memory controller (not shoWn). 
[0061] The processor platform P100 also includes an inter 
face circuit P130. The interface circuit P130 may be imple 
mented by any type of interface standard, such as an external 
memory interface, serial port, general purpose input/output, 
etc. One or more input devices P135 and one or more output 
devices P140 are connected to the interface circuit P130. 
[0062] Although certain example methods, apparatus and 
articles of manufacture have been described herein, the scope 
of coverage of this patent is not limited thereto. On the con 
trary, this patent covers all methods, apparatus and articles of 
manufacture fairly falling Within the scope of the appended 
claims either literally or under the doctrine of equivalents. 

What is claimed is: 
1. An apparatus to determine a concentration of nitrogen in 

a doWnhole ?uid, comprising: 
a ?uid measurement unit to measure a ?rst ?uid composi 

tion and a density of at least a hydrocarbon and carbon 
dioxide in a sample of the doWnhole ?uid; 

one or more sensors to measure at least a pressure and a 

temperature of the sample; 
a processing unit to determine a ?rst theoretical density 

based on at least the ?rst ?uid composition, the tempera 
ture, and the pressure of the sample; and 

an analyZer to determine a ?rst difference betWeen the 
density of at least the hydrocarbon and the carbon diox 
ide in the sample and the ?rst theoretical density, 
Wherein the ?rst difference is associated With a concen 
tration of nitrogen in the sample. 

2. The apparatus as de?ned in claim 1, Wherein the pro 
ces sing unit is to determine a second theoretical density based 
on at least the temperature and the pressure of the sample and 
a second ?uid composition based on the ?rst ?uid composi 
tion and the ?rst difference. 

3. The apparatus as de?ned in claim 2, Wherein the analyZer 
is to determine a second difference betWeen the second theo 
retical density and the ?rst theoretical density, and Wherein 
the second difference is associated With the concentration of 
nitrogen in the sample. 

4. The apparatus as de?ned in claim 1, Wherein the con 
centration of nitrogen is substantially Zero When the ?rst 
difference is substantially Zero. 

5. The apparatus as de?ned in claim 1, Wherein the ?uid 
measurement unit is a spectrometer. 

6. The apparatus as de?ned in claim 1, further comprising 
a pressure control unit to change the pressure of the sample to 
increase an accuracy of measurement of the density of at least 
the hydrocarbon and the carbon dioxide in the sample. 

7. A method of determining a concentration of nitrogen in 
a doWnhole ?uid, comprising: 

obtaining a sample of a doWnhole ?uid; 
analyZing the sample to determine a ?rst ?uid composition 

and a density of at least a hydrocarbon and carbon diox 
ide in the sample; 

measuring a pressure and a temperature of the sample; 
determining a ?rst theoretical density based on at least the 

?rst ?uid composition, the temperature, and the pres sure 
of the sample; and 

determining a ?rst difference betWeen the density of at 
least the hydrocarbon and the carbon dioxide in the 
sample and the ?rst theoretical density, Wherein the ?rst 
difference is associated With a concentration of nitrogen 
in the sample. 
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8. The method as de?ned in claim 7, further comprising 
determining a second theoretical density based on at least the 
temperature and the pressure of the sample and a second ?uid 
composition based on the ?rst ?uid composition and the ?rst 
difference associated With the concentration of nitro gen in the 
sample. 

9. The method as de?ned in claim 8, further comprising 
determining a second difference betWeen the second theoreti 
cal density and the ?rst theoretical density, Wherein the sec 
ond difference is associated With the concentration of nitro 
gen in the sample. 

10. The method as de?ned in claim 7, further comprising 
increasing the pressure of the sample to increase an accuracy 
of the determined density of at least the hydrocarbon and the 
carbon dioxide in the sample. 

11. An apparatus to determine a concentration of substan 
tially non-optically detectable ?uid in a doWnhole ?uid, com 
prising: 

a ?uid measurement unit to measure a ?rst ?uid composi 
tion and a density of a substantially optically detectable 
?uid in a sample of the doWnhole ?uid; 

one or more sensors to measure at least a pressure and a 

temperature of the sample; 
a processing unit to determine a ?rst theoretical density 

based on at least the ?rst ?uid composition, the tempera 
ture, and the pressure of the sample; and 

an analyZer to determine a ?rst difference betWeen the 
density of the substantially optically detectable ?uid and 
the ?rst theoretical density, Wherein the ?rst difference is 
associated With a concentration of the substantially non 
optically detectable ?uid in the sample. 

12. The apparatus as de?ned in claim 11, Wherein the 
substantially non-optically detectable ?uid is at least one of 
injected nitrogen, naturally occurring nitrogen, naturally 
occurring hydrogen sul?de, or naturally occurring helium. 

13. The apparatus as de?ned in claim 11, Wherein the 
substantially optically detectable ?uid comprises at least a 
hydrocarbon and carbon dioxide. 

14. The apparatus as de?ned in claim 11, Wherein the 
processing unit is to determine a second theoretical density 
based on at least the temperature and the pressure of the 
sample and a second ?uid composition that includes the ?rst 
?uid composition and the ?rst difference associated With the 
concentration of the substantially non-optically detectable 
?uid. 

15. An apparatus to determine a concentration of nitrogen 
in a doWnhole ?uid, comprising: 
means to measure a ?rst ?uid composition and a density of 

at least a hydrocarbon and carbon dioxide in a ?uid 
sample; 

means to measure at least a pressure and a temperature of 
the ?uid sample; 

means for determining a ?rst theoretical density based on 
the ?rst ?uid composition, the pressure, and the tem 
perature; and 
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means for determining a portion of the ?uid sample asso 
ciated With a concentration of nitrogen based on the ?rst 
theoretical density. 

16. The apparatus as de?ned in claim 15, Wherein the 
means for determining the ?rst theoretical density comprises 
a processing unit to determine the ?rst theoretical density 
based on at least the ?rst ?uid composition, the temperature, 
and the pressure of the ?uid sample. 

17. The apparatus as de?ned in claim 16, Wherein the 
means for determining the portion of the ?uid sample asso 
ciated With the concentration of nitrogen comprises an ana 
lyZer to determine a ?rst difference betWeen the density of at 
least the hydrocarbon and the carbon dioxide in the sample 
and the ?rst theoretical density, Wherein the ?rst difference is 
the portion. 

18. The apparatus as de?ned in claim 15, further compris 
ing means for determining a second theoretical density. 

19. The apparatus as de?ned in claim 18, Wherein the 
means for determining the second theoretical density com 
prises a processing unit that determines the second theoretical 
density based on at least the temperature and the pressure of 
the ?uid sample and a second ?uid composition that includes 
the ?rst ?uid composition and the portion of the sample 
associated With the concentration of nitrogen. 

20. The apparatus as de?ned in claim 19, further compris 
ing means for determining another portion of the sample 
associated With the concentration of nitrogen. 

21. The apparatus as de?ned in claim 20, Wherein the 
means for determining the other portion of the sample asso 
ciated With the concentration of nitrogen comprises an ana 
lyZer to determine a second difference betWeen the second 
theoretical density and the ?rst theoretical density, Wherein 
the second difference is the other portion. 

22. A method of determining a concentration of nitrogen in 
a doWnhole ?uid, comprising: 

(a) obtaining a sample of a doWnhole ?uid; 
(b) analyZing the sample to determine a ?uid composition 

and a density of at least a hydrocarbon and carbon diox 
ide in the sample; 

(c) measuring a pressure and a temperature of the sample; 
(d) determining a theoretical density based on at least the 

?uid composition, the temperature, and the pressure of 
the sample; 

(e) determining a difference betWeen the density and the 
theoretical density, Wherein the difference is associated 
With a concentration of nitrogen in the sample; 

(f) re-determining the ?uid composition based on the dif 
ference; 

(g) re-determining the density based on the difference; and 
(h) repeating (d)-(g) at least a predetermined number of 

times or until the difference is at or beloW a predeter 
mined threshold. 


